The nucleus accumbens (NAc), an important target of deep brain stimulation for some neuropsychiatric disorders, is thought to be involved in epileptogenesis, especially the shell portion.
prefrontal regions, as demonstrated by numerous anatomical and electrophysiological studies, which indicates that the NAc plays a decisive role in both functional and anatomical connectivity between the frontal and temporal lobes (Basar et al., 2010; Kandratavicius et al., 2012; O'Donnell and Grace, 1995; Postuma and Dagher, 2006 ). This structure has been shown to be involved in pleasure, reward, and reinforcement learning and fear, aggression, impulsivity, addiction, and the placebo effect. Therefore, it has become an important target for stereotactic deep brain stimulation in patients with some neuropsychiatric disorders that are refractory to medical treatment, such as obsessive-compulsive disorder (OCD), depression, Tourette Syndrome, and addiction (Feja, Hayn, & Koch, 2014; Francis et al., 2015; Mavridis, Boviatsis, & Anagnostopoulou, 2011; Muller et al., 2013; Salgado and Kaplitt, 2015) . Within the nucleus, the clear distinction between the shell and core subregions was defined by distinct cytoarchitectonics and connectivity patterns (Basar et al., 2010; Feja et al., 2014; Salgado and Kaplitt, 2015) . These specific input-output characteristics of the two NAc subregions might represent distinctive circuits that are involved in different physiological functions (Basar et al., 2010) .
A growing body of evidence has indicated that the NAc is involved in the propagation of epileptic activity in rodent models of temporal lobe seizures (L€ oscher, Ebert, & Lehmann, 1996; Lothman, Hatlelid, & Zorumski, 1985; Pereira de Vasconcelos, Mazarati, Wasterlain, & Nehlig, 1999) , especially in the shell subdivision. Some researchers proposed that the increase in dopamine in the NAc is involved in the inhibition of seizure propagation and indicated that the NAc may be an import target for DBS to control seizures (Lothman et al., 1985) . Zhou et al. showed that high frequency stimulation of the shell of the NAc significantly prolonged the latency to develop seizures, suppressed the severity of seizures and reduced the second stage and total duration of seizures in pilocarpine-induced rodent models. These findings suggest a protective role of NAc shell stimulation against seizures (Zhou Chenfei et al., 2014) . Moreover, a recent clinical study provided initial evidence for the safety and feasibility of the chronic electrical stimulation of the NAc in patients with intractable partial epilepsy, as indicated by largely unchanged neurocognitive function and psychiatric comorbidity (Schmitt et al., 2014) . Thus far, many studies have used anatomical MRI and fMRI to study the morphological, functional, and structural connections of the whole NAc in animal models, postmortem samples, and healthy people. However, little is known about the exact parcellation within the NAc in individual TLE patients, furthermore its microstructural abnormalities or the connection alterations of each NAc subdivision remain unclear, which may underlie the pathophysiological mechanism of seizure generation and propagation in TLE patients.
Connectivity-based parcellation divides a region of interest into distinct subregions, capitalizing on the distinct connections of each area derived from diffusion magnetic resonance imaging or restingstate functional connectivity (Eickhoff, Thirion, Varoquaux, & Bzdok, 2015) . Diffusion tensor tractography can capture anatomical connectivity between brain regions in vivo, which is evidently closest to the underlying cytoarchitectonics derived from postmortem data Seehaus et al., 2013) . Therefore, it has been used extensively to parcellate brain regions based on their structural connectivity profiles (Barron, Tandon, Lancaster, & Fox, 2014; Chowdhury, Lambert, Dolan, & Duzel, 2013; Liu et al., 2013; Saygin, Osher, Augustinack, Fischl, & Gabrieli, 2011; Tomassini et al., 2007) . The purpose of this study was to parcel the nucleus accumbens into core and shell portions using DTI probabilistic tractography in individual mesial temporal lobe epilepsy (mTLE) patients to guide NAc shell stereotactic target localization and to investigate structural abnormalities and connection alterations of each NAc subdivision in mTLE patients.
| M A TER I A LS A N D M ETH OD S

| Subjects
This study was conducted in the Department of Diagnostic Imaging Center, Nanfang Hospital, Guangzhou, China, from May 2013 to August 2015. Forty consecutive mTLE patients and 25 healthy controls matched for age, gender, and handedness participated in this study.
Patients diagnosed with mesial temporal lobe epilepsy and admitted to the indoor Department of Neurology were enrolled in the study. All patients underwent a comprehensive clinical evaluation that included a careful interview, neurological examination, neuropsychological assessment, and neurophysiological monitoring according to the epilepsy classifications of the International League Against Epilepsy (ILAE) (Berg et al., 2010) . Inclusion criteria for this study were as follows: (a) seizure types and epileptic syndromes of mTLE; (b) interictal and ictal electroencephalogram (EEG) or/and video-EEG evaluations that indicated the presence of epileptiform abnormalities over temporal or frontotemporal regions; (c) no foreign tissue lesions; and (d) MRI manifestation of unilateral hippocampal sclerosis subsequently confirmed by postsurgical histopathology. Finally, a total of 34 patients with unilateral mTLE were included in this study (16 patients with left mTLE, 6 females, mean age 23.9 6 11.1 years; and 18 patients with right mTLE, four females, mean age 28.3 6 8.4 years). There was no statistically significant difference in age in the right mTLE (n 5 18), left mTLE (n 5 16), and control (n 5 24) groups. Similarly, there was no significant difference in disease duration between the right and left mTLE groups. The study protocol was approved by the Research Ethics Committee of Nanfang Hospital of the Southern Medical University. Written informed consent was obtained from each subject prior to this study. 
| Image acquisition
All MRI imaging was performed on a Philips Achieva 3 T MRI scanner (Philips Healthcare, Inc., Best, The Netherlands) equipped with an 8-channel head coil. The DTI data were collected along the anterior commissure/posterior commissure line using a single-shot spin-echo EchoPlannar Imaging (EPI) sequence with the following parameters: During the acquisition, subjects were placed in a supine position in the gantry of the scanner with foam padding to limit head movement and ear plugs to reduce the impact of acoustic noise.
| Data preprocessing
Preprocessing was performed with tools from the FMRIB Software Library (FSL) (www.fmrib.ox.ac.uk/fsl). For each subject, we skullstripped the diffusion-weighted and T1-weighted images. All diffusionweighted images were corrected for eddy current distortion and head motion by the Diffusion Toolbox of Functional MRI of the Brain (FMRIB). The preprocessed DTI data were fit to a diffusion tensor model to generate fractional anisotropy (FA), mean diffusivity (MD), and three eigenvectors maps. Skull-stripped T1-weighted images were coregistered to the subject's non-diffusion-weighted images. The T1 images in diffusion space were then transformed to the Montreal Neurological Institute (MNI) space. The transformation matrices from any of the three spaces into another space were also derived for the following analysis.
| DTI connectivity-based parcellation of the NAc in individuals
The DTI connectivity-based parcellation was performed using previously described procedures (Baliki et al., 2013) and the flow diagram is shown in Figure 1 . For each subject, T1-weighted scans were processed using FIRST (fMRIB Integrated Registration and Segmentation Tool) to localize the NAc in both the left and right hemispheres.
Subject-specific NAc maps were then linearly registered to the individual native diffusion space. Whole-brain probabilistic tractography was performed in native diffusion space using the PROBTRACKX to estimate the connections between each NAc seed voxel and any target voxel in the whole brain, which were defined as the number of tracts arriving at the target site. A total of 5000 samples were automatically drawn to build the a posteriori distribution of the connectivity distribution. The number of samples 5000 is default setting of PROBTRACKX.
With this number of samples, they are confident that convergence is reached (https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/FDT/UserGuide#PROB-TRACKX). To reduce the false-positive connections, we thresholded the path distribution estimates from ProbTrack using a connection probability of p < .01 (50 of 5000 samples).
The connectivity matrix A between NAc seed voxels and target voxels was derived, and used to generate a symmetric cross-correlation matrix B5AA
T , of dimensions number of seeds 3 number of seeds.
The cross-correlation matrix was then fed into a k-means clustering algorithm to group together the seed voxels that share similar connection profiles with the rest of the brain. This automated classification produced an individual parcellation of the NAc into two clusters. Then, core and shell subdivisions were identified for each subject by the location and shape as described in previous anatomical studies (Basar et al., 2010; Voorn, Brady, Berendse, & Richfield, 1996) .
To validate the reproducibility of DTI connectivity-based parcellation method, we also conducted our parcellation scheme. We scanned DTI twice on one healthy subject and conducted our parcellation scheme on left NAc. Subdivisions were then transformed into the same T1 space for comparison. Reproducibility between scans was quantified as the conditional probability that a voxel classified as belonging to a particular region in scan01 would receive the same classification in scan02 as in P scan01 5jsubdivision scan01 \ subdivision scan02 j=jsubdivision scan01 j, as previously described . For each subdivision, conditional probability was calculated twice, crossing over the subdivisions between runs. The reproducibility was finally obtained by averaging the conditional probabilities of two scans. each subdivision of each hemisphere in the three groups. We also assessed group differences of volumes in both the core and shell using two-sample t tests.
| Anatomical connectivity patterns of the NAc subregions
To investigate different anatomical connection patterns of each NAc subregion in the three groups, the subject-specific NAc subdivisions were then transformed into standard MNI space to generate groupaveraged subdivisions. Group-averaged subdivisions were determined by overlapping all subjects' subdivisions. To maintain a similar size for the same subdivisions in the bilateral NAc and to ensure the maximum size for subdivisions without overlap, discrete and spatially contiguous subdivisions with no overlap were designed as follows. The group-level subdivisions of the left core, left shell, right core, and right shell were determined as regions of 45%, 45%, 40%, and 40% overlap, respectively, across individual subjects' parcellation of the NAc. This step ensures that a consistent seed ROI was obtained, mitigating volume and shape differences among individuals. The group-averaged NAc subdivisions were then used as ROIs to define probabilistic connections with predefined ipsilateral target ROIs.
We evaluated the probabilistic connections between each groupaveraged NAc subdivision and 16 predefined target regions in the standard space using the PROBTRACKX for every subject. In accordance with previous tract tracing (Baliki et al., 2013; Lucas-Neto et al., 2015) and anatomical studies (Basar et al., 2010; Haber, 2011; Haber and Knutson, 2010) The probability of structural connectivity from the seed to each target was defined as the number of fibers passing through the target from the seed divided by the number of fibers that were sampled in the seed (5000 3 number of voxels in the seed). Connection probabilities were then divided by the size of the target region to produce normalized connection probabilities adjusted for the volume of the target region.
For the control group, a three-way repeated-measures ANOVA was performed to test the main effects of hemispheres, NAc subdivisions and target regions on the normalized connection probabilities.
FIG URE 1
The flow diagram of DTI connectivity-based parcellation procedures. The subject-specific NAc masks were generated. Wholebrain probabilistic tractography was performed on each NAc seed voxel. The connectivity matrix A between NAc seed voxels and voxels of whole brain was then derived. Symmetric cross-correlation matrix B5AA T ; B was then fed into k-means clustering algorithm to divide NAc into two clusters. Finally, core and shell subdivisions were identified for each subject according to their location and shape [Color figure can be viewed at wileyonlinelibrary.com]
Pairwise comparisons with Bonferroni corrections for multiple comparisons were used to discriminate the connectivity probabilities between each NAc subdivision to all targets.
To quantify the differences in anatomical connections of each NAc subregion in the healthy controls and TLE groups, the connection probabilities with the 16 target regions were entered into an NAc subregions (2 levels) 3 target regions (16 levels) 3 hemispheres (2 levels) repeated-measures ANOVA. Post hoc pairwise t tests with Bonferroni corrections for multiple comparisons were performed to visualize the anatomical connection probabilities differences in each subdivision in the healthy control and TLE groups.
| Diffusion parameters in group-averaged white matter tracts connecting ROIs with each subdivision of the NAc
After tractography, the tracts from each NAc subdivision to any targets were then overlapped onto standard space across all subjects to generate common pathways. After thresholding and visual inspection, only the continuous common pathways were retained. The common pathways were then mapped back to the diffusion space, from which the mean FA and MD values were extracted. Two-sample t tests were performed to assess the group differences on each group common tract.
| R E SU LTS
3.1 | Connectivity-based parcellation and identification of two spatially discrete subdivisions of the NAc in individuals
Using DTI connectivity-based parcellation, the individual NAc regions were subdivided into two portions based on clustering the similar connection profiles of whole-brain structural connectivity in subjectspecific diffusion space. control, 2 left mTLE patients and 4 right mTLE patients failed to do the parcellation because some clusters were spatial discontinuous in these subjects. In each of these subjects, the NAc was divided into a medialcaudal portion and a lateral-rostral one. The location and shape of the two portions approximately matched the cytoarchitecturally identified NAc core and shell in postmortem human tissue (Voorn et al., 1996) .
Based on this similarity, we identified the medial-caudal portion as the shell and the lateral-rostral portion as the core of the NAc. Representative individual parcellation is shown in Figure 2 .
The reproducibility of our connectivity-based parcellation method were 82.46% for core and 81.74% for shell. NAc subdivisions from two scans were transformed into the same T1 space for comparison, as shown in Supporting Information, Figure S1 .
| Comparisons of diffusion parameters and volume of each NAc subdivision in mTLE patients and healthy controls
In general, the volume of each NAc subdivision in the left and right TLE patients was not different from those of the controls (Figure 3a and
Supporting Information, Table I In the right mTLE, there was a significant group difference only in k 3 values (the third eigenvalue). However, the interaction of group by subdivision 3 hemisphere was significant in terms of FA values. The group differences in diffusion parameters were not significant. Nor were the main effects of within-subject factors and their interactions. Table VI ).
| Quantitative comparisons of structural connections of each NAc subregion in healthy controls and TLE groups
To quantify the differences in anatomical connections of each NAc subregion in the healthy control and TLE groups, normalized connection probabilities were entered into an NAc subregions (2 levels) 3 target regions (16 levels) 3 hemispheres (2 levels) repeated-measures ANOVA. Post hoc comparisons were performed to visualize the anatomical connection probabilities differences in each subdivision in the healthy control and TLE groups.
There were no significant between-group differences (F 5 3.115, ways, the left mTLE group showed significantly increased connectivity in the ACC-core and decreased THAL-core connectivity. However, the shell portion exhibited a remarkable increase in ACC-shell, OFC-shell, PCG-shell, and SCC-shell relative connectivity and a significant decrease in HIP-shell and THAL-shell relative connectivity. In the right hemisphere, the core portion did not exhibit any significant group differences, while the right shell showed a significant increase in SCCshell connectivity.
In the right mTLE, there were no significant between-group dif- 
| Comparisons of diffusion parameters in groupaveraged white matter tracts that connect ROIs with each subdivision of the NAc in the groups
The resulting group-averaged tracts and significant differences in diffusion parameters in these tracts that connect ROIs with each subdivision of the NAc in the groups are illustrated in Figure 
| D ISC USSION
In this study, we parceled the nucleus accumbens into core and shell portions using DTI probabilistic tractography in individual mTLE patients and controls, constructed structural connectivities of each NAc subdivision for all participants, and then compared the structural abnormalities and connection alterations in each NAc subdivision 
| Subdivisions of the NAc
As noted by previous researches, the cytoarchitectonic and chemoarchitectonic features of NAc shell and core subregions are quite distinct.
Cytoarchitectonically the core is very homogeneous, which has a lower concentration of opiate receptors and a higher concentration of calcium-binding proteins. However, the shell exhibits strong inhomogeneities in the distribution of various neurochemical substances and neurotransmitter receptors, among which mu-opioid receptors and dopamine receptors. (Basar et al., 2010; Feja et al., 2014; Rigoard et al., 2011; Salgado and Kaplitt, 2015; Voorn, Brady, Schotte, Berendse, & Richfield, 1994) .
Previous reports examined the in vivo segmentation of the healthy human NAc using probabilistic tractography (Baliki et al., 2013; LucasNeto et al., 2015) . To our knowledge, we are the first to parcellate the nucleus accumbens of individual mTLE patients into core and shell portions using DTI probabilistic tractography in vivo. The exact stereotactic anatomy of the core and shell portions of the NAc in individual epilepsy patients would help neurosurgeons to perform deep brain stimulation (DBS) of the NAc shell to suppress seizure propagation.
Using DTI connectivity-based parcellation, each NAc was successfully parcellated into two subdivisions in a total of 24/25 controls, 14/17 left TLE patients, and 18/23 right TLE patients in subject-specific diffusion space. The location and shape of the two portions approximately matched the cytoarchitecturally identified NAc core and shell in postmortem human tissue (Voorn et al., 1996) . Based on this correspondence, we identified the medial-caudal portion as the shell and the lateral-rostral portion as core of the NAc.
| Differences in diffusion parameters in each NAc subdivision in the mTLE patients and controls
Most prior studies using DTI reveal changes preferentially in white matter structures, which reflect axonal number, membrane circumference, and myelin thickness information in white matter. However, As a central relay structure between limbic and mesolimbic dopaminergic structures, the mediodorsal thalamus and the prefrontal cortex, the nucleus accumbens is well known to be involved in the pathophysiology of some psychiatric disorders, such as treatmentresistant depression and OCD (Basar et al., 2010; Bewernick et al., 2010; Boccardi et al., 2013; Rigoard et al., 2011; Sturm et al., 2003) . Previous studies suggested that left TLE patients show a more distributed, bilateral pattern of structural changes compared to right TLE patients (Bonilha et al., 2007 (Bonilha et al., , 2010 Miro et al., 2015) . In accordance with this, our left TLE patients showed bilateral NAc shell damage compared with the control group. However, contrary to our expectations, the right mTLE patients showed decreased FA and increased RD only in the left shell portion rather than the right shell portion. It is widely accepted that the left hemisphere is more vulnerable than the right and has a more prolonged network maturation and a distinct vulnerability due to perinatal vascular asymmetry (Besson et al., 2014; Miro et al., 2015) . This may partly explain why the damage was observed in the left shell of the NAc rather than the right shell. Moreover, unlike the hippocampus and amygdala, the NAc was thought to be a way station or modulatory center in seizure transmission rather than the seizure focus (L€ oscher et al., 1996; Lothman et al., 1985; Pereira de Vasconcelos et al., 1999) . Therefore, it seems reasonable that structural abnormalities were only observed in the contralateral shell portion in right TLE patients. Another compelling assumption that might explain the greater impairment of the left NAc shell in right mTLE patients is related to the biased interhemispheric connections that emerge from the temporal lobe toward contralateral temporal or frontal regions (Eross et al., 2009 ). The contralateral NAc shell abnormalities we found in the right mTLE patients give support to its role in interhemispheric seizure propagation and encourage future research about the specific connection alterations in each NAc subdivision in mTLE patients.
| Connectivity patterns of each NAc subdivision in healthy controls
Based on the group-averaged core and shell, we elucidated the anatomical connectivity patterns of the human NAc at the subregional level and demonstrated relatively distinct structural connectivity of each NAc subregion, without significant difference in hemispheres main effect. The preferential structural connectivity of core with caudate, FP, and THAL and for shell with AMYG, OFC, parahippocampus, putamen, SCC, and TP were in complete accordance with the reported differential afferent and efferent connections of the NAc subdivisions in the rat, monkey and postmortem human brain (Basar et al., 2010; Haber, 2011; Haber and Knutson, 2010) .
However, this connectivity pattern is varied in some previous studies (Baliki et al., 2013; Lucas-Neto et al., 2015) . Baliki et al. Nevertheless, the preferential structural connectivity of core with caudate, FP, and THAL, and for shell with AMYG, OFC, parahippocampus, putamen, SCC, and TP we found may conform more to previously reported differential inputs and outputs of the NAc subdivisions (Basar et al., 2010; Feja et al., 2014; Salgado and Kaplitt, 2015) .
| Connection abnormalities of each NAc subdivision in left and right mTLE patients
In general, more extensive and intense connection abnormalities, although not all of them significant, were observed in NAc shell portions in mTLE patients, which may also suggest that the accumbens shell is implicated in seizure propagation.
Left and right mTLE patients exhibited distinct connectivity patterns in both core and shell portions. We also found a more distributed, bilateral pattern of structural connectivity changes in left TLE patients than in right TLE patients. Such distinct network pathology agrees with several previous studies (Ahmadi et al., 2009; Besson et al., 2014; Bonilha et al., 2007; Miro et al., 2015) .
The results of decreased relative connectivity in the left HIP-shell and THAL-shell in left mTLE patients suggest a loss in microstructural connections due to neuronal activation related to seizures. Both the ipsilateral hippocampus and thalamus have been implicated in various stages of mesial temporal lobe seizure evolution (Bartolomei, Chauvel, & Wendling, 2008; Bartolomei, Wendling, Bellanger, Regis, & Chauvel, 2001; Bertram, 2013) . The increased connectivity in the ACC-shell, OFC-shell, PCG-shell, and SCC-shell perhaps represents aberrant connections which composing the hyperexcitable circuits that propagate and maintain seizures, which suggests that the NAc shell serves as a way station for seizure transmission from the mesial temporal lobe to the frontal lobe.
In accordance with the loss in the left NAc shell mentioned above, the loss in connections found in the left FP-shell pathway in right TLE patients supports its role of trans-hemispheric transmission in epileptic seizures. However, we only analyzed the probabilistic connections between each NAc subregion and sixteen predefined target regions in the ipsilateral hemisphere in this study. The specific trans-hemispheric circuits involved in TLE seizure evolution and the role of the NAc in trans-hemispheric transmission need to be verified in future work.
It is noteworthy that increased subcallosal cortex (SCC)-shell connectivities were significant both in left and right TLE patients. As an important hub that is widely connected with the cingulate, hippocampus, amygdala, orbitofrontal cortex and nucleus accumbens, the SCC has received considerable interest in recent years as a target for neuromodulation in patients with neuropsychiatric disorders (Gutman, Holtzheimer, Behrens, Johansen-Berg, & Mayberg, 2009; Hamani et al., 2009; Lujan et al., 2013; Riva-Posse et al., 2014; Vergani et al., 2016) .
Nevertheless, to the best of our knowledge, few reports have proposed that the SCC is implicated in seizure evolution. The increased connectivity in the SCC-shell tract in both left and right TLE patients may be related to some psychiatric comorbidities in temporal lobe epilepsy, which should be verified in future studies.
| Microstructural abnormalities in group-averaged white matter tracts of each NAc subdivision in TLE patients
Left mTLE patients presented with bilateral and extensive FA changes while the changes in right mTLE patients were restricted to the ipsilateral hemisphere, which was similar to the changes in structural connectivity patterns, although the changes in diffusion parameters of grouplevel common tract did not match well with the relative connectivity abnormalities in TLE patients. This finding may be due to the limited number of samples and encourages the performance of future studies.
However, the MD changes did not show this tendency in both left and right TLE patients. More extensive damage was present in the ipsilateral tracts of left TLE patients, and the contralateral hemisphere in left TLE patients and bilateral tracts in right TLE patients exhibited restricted damage.
The combination of increased connectivity and reduced FA in SCC-shell and OFC-shell tracts is particularly striking and has not been reported in TLE patients before. The connectivity measure tests the number of connections that go from one point to another, whereas the FA value is thought to represent the structural integrity of those fibers (Concha, Livy, Beaulieu, Wheatley, & Gross, 2010; Shott, Pryor, Yang, & Frank, 2016) . Previously, increased connectivity with reduced FA has been described, for instance, in patients with Alzheimer's disease and in recovered anorexia nervosa patients (Shott et al., 2016) , which demonstrates the hypothesis of compensatory fiber growth. Such neuronal fiber loss and paradoxical increase in structural connectivity in mTLE patients has been reported by Bonilha et al. (2012) , who demonstrated a regional decrease in the absolute connectivity among limbic regions in MTLE accompanied by an increase in the average limbic network clustering coefficient. Furthermore, the combination of greater connectivity and less fiber integrity that we found directly corroborates and supports the hypothesis that seizure induced neuronal loss and axonal damage may lead to the development of aberrant connections and eventually result in structural network reorganization, thereby facilitating epileptogenicity and recurrent seizures (Spencer, 2002) .
| L I M I TA TI ONS
Several limitations in this study need to be addressed. First, the core and shell portions were identified by location and shape as described in previous anatomical studies and as demonstrated in additional structural connectivity studies; however, there is an absence of verification by in vivo cytoarchitectural correspondence. Notwithstanding, we applied a new and more precise method to guide NAc shell stereotactic target localization in individual TLE patients. Second, as accumbens are tiny regions in the human brain, their segmentation and registration may not be sufficiently accurate, which could result in the spatial discontinuity of the clustered subregions. We did not place any spatial constraints on our parcellation scheme, which may also have induced discontinuous voxels in parcellation results (Eickhoff et al., 2015) . We need to take spatial constraints into consideration in future work. Third, the traditional DTI method is not ideal for the accurate characterization of fiber directions (Jones, Kn€ osche, & Turner, 2013 ). More plausible methods should be developed and used to parcellate human brain regions in vivo, such as parcellation based on the orientation distribution functions derived from the high angular resolution diffusion imaging, or even diffusion spectrum imaging data, and based on both connection profiles and tissue heterogeneity derived from diffusional kurtosis imaging. To validate the reproducibility of DTI connectivitybased parcellation method, we also conducted our parcellation scheme.
However, we only performed the scan twice on one healthy subject and conducted our parcellation scheme on left NAc. Furthermore, the reproducibility of our parcellation scheme need to be investigated with a larger sample size in our future work.
| CON CL U S I ON
In summary, for a neurosurgical application, we parceled the nucleus accumbens into core and shell portions using DTI probabilistic tractog- 
